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离子交换法制备的 IE-Co/Y 催化剂比浸渍法制备的 IM-Co/Y 催化剂对苯乙
烯环氧化反应表现出更高的活性。此时，IE-Co/Y 催化剂对苯乙烯环氧化反应苯
乙烯转化率及环氧化物选择性分别为 51.2%和 48.5%，而 IM-Co/Y 催化剂对该反
应苯乙烯的转化率和环氧化物选择性仅为 28.3%和 39.8%。通过分子筛载体和钴
源筛选发现以 Y 型分子筛作为载体，硝酸钴作为钴源时，催化剂催化效率较高。 
研究发现，催化剂制备方法会影响 Co 的存在状态，从而导致催化剂对苯乙
烯环氧化反应活性的差异。采用浸渍法制备的 IM-Co/Y 催化剂中的 Co 是以结晶
相的 Co3O4 的形式存在于分子筛孔道外，而采用离子交换法制备的 IE-Co/Y 中的
Co 是以高度分散的 single-siteCo(II)的形式存在分子筛孔道内。 
进一步地，本文对分子筛的制备条件进行了优化，研究发现焙烧温度会影响






























化反应，Co2+和 Ca2+起到了协同催化的效果。对照组 IE-Co/Y 对苯乙烯环氧化反
































Styrene oxide is an important organic intermediat in food, perfume and 
pharmaceuticals industry, and styrene oxide production via the epoxidation of styrene 
is an important process in chemical industry, which can traditionally be synthesized 
by using the routes of peroxy acid method and halohydrin method. While, for those 
two routes, they use peroxy acid or halohydrin as the oxidizing agent to oxidize the 
reactant. Howerver, here comes the problem of equipment corrosion and 
environmental pollution when using the traditional production methods due to the 
utilization of liquid acids. With the increasingly stringent laws and regulations of 
environment, developing a new green technology to produce styrene oxide will be a 
challenging work but meaningful for us to do. Therefore, the aim in this study is to 
develop cobalt-containing zeolite as catalyst and green reagent oxygen as oxidizing 
agent to replace the tradition processes.  
In this study, IM-Co/Y catalyst and IE-Co/Y catalyst were prepared by 
impregnation (IM) and ion exchange (IE) methods respectively. And then, the 
preparation method together with cobalt source and the process conditions were 
optimized. After that, alkaline and alkaline earth metal were added to modify the 
catalysts by repeatedly ion exchange and IE-MCo/Y catalysts were maded (M=Ca, Sr, 
K, Cs, Ba). The catalysts were examined and characterized by means of XRD, 
H2-TPR, XRF, UV-vis, NH3-TPD, XPS and so on. The main results are demonstrated 
as follows: 
IE-Co/Y catalyst prepared by ion exchange method showed the better catalytic 
performance than IM-Co/Y catalyst prepared by impregnation method. For IE-Co/Y 
catalyst, the conversion of styrene was 51.2% and the selectivity of styrene oxide was 
48.5%. While, the conversion of styrene was only 28.3% and the selectivity of styrene 
oxide was 39.8% for IM-Co/Y catalyst. Using zeolite Y as support and choosing 

















Futher study showed that the preparation method of catalyst would affect 
existential state of cobalt. When using the impregnation method to prepare the 
catalysts, cobalt existed as Co3O4 crystalline phase and stayed outside the pore of 
zeolites. Nevertheless, when using the ion exchange method, cobalt existed as 
single-site Co(II) form inside the pore of zeolites. 
After ulteriorly optimizing the preparation method, it is found that the calcination 
temperature of the catalysts may affect the coordination form of cobalt. Therefore, 
IE-Co/Y catalyst calcinated at 300℃, 500℃ and 650℃ in the air were attempted. 
When the catalyst was calcinated at 500 ℃ , cobalt change from octahedral 
coordination form as [Co(H2O)6]
2+
 to tetrahedral coordination form compared with 
the sample only dried at 110℃ in the air. Besides, the reactivity of the catslyst 
calcinated at 500℃ was distinctly higher than the catalyst without calcination. 
Afterwards, the reaction condition of the styrene epoxidation was optimized. By 
setting reaction temperature as 80℃ and suing TBHP (t-butylhydroperoxide) together 
with O2 as oxidizing agent, the conversion of styrene was 100% and the selectivity of 
styrene oxide was nearly 70% after reacting for 5 hours. TBHP is a kind of free 
radical nitiator and it was reported in literature that the reaction mechanism of the 
epoxidation of styrene was free radical reaction mechanism which may explain the 
reactivity improved significantly by adding a small amount of TBHP. In addition, 
TBHP can oxidize the styrene solely without oxygen which meant that there was 
some synergistic effect between TBHP and oxygen.  
Eventually, the IE-Co/Y catalyst was modified by alkaline and alkaline earth 
metal. Alkaline and alkaline earth metals could adjust the acidity of catalyst and affect 
the reactivity of catalysts. IE-MCo/Y (M=Ca、Sr、K、Cs、Ba) catalysts were obtained 
by repeatedly ion exchange. As for the IE-CaCo/Y catalyst which had the best 
reactivity performance among the as-prepared catalysts, Ca
2+
 could not only adjust the 
acidity of catalyst but also promote the epoxidation of styrene. By adding Ca
2+
, the 
















47.8%. However, the conversion of styrene was 29.6% and the selectivity of styrene 
oxide was 38.6% for the control group catalyst (IE-Co/Y). And we suspected that 
Ca
2+
 could affect the location of Co
2+
 in the zeolite. Ca
2+
 preferred the site I, sites I´ 
and II where the Co
2+
 had the poor or no reactivity, which urged Co
2+
 to occupy the 
site III´ (thought to be the more active site) so that IE-CaCo/Y had the better 
reactivity performance. 
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的化学结构式如图 1.1 所示。英语中有多种称法,例如 1,2-Epoxyethylbenzene；
1-Phenyl-1,2-Epoxyethane；2-phenyloxirane 等。 
 
图 1.1 环氧苯乙烷结构式 
Fig. 1.1 Structural formula of styrene oxide 
 
环氧苯乙烷的具体理化性质见表 1.1 
表 1.1 环氧苯乙烷的理化性质 

















































方程式如图 1.2 所示。 
 
 
图 1.2 苯乙烯环氧化反应过程 
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